Morphological changes in the cervical spine were evaluated using radiography in 140
INTRODUCTION S urgical enlargement in the spinal canal, also called expansive laminoplasty, for cervical myelopathy is an operative method developed in Japan. Since laminoplasty by Z-plasty (Hattori's method) was first reported by Oyama and Hattori [1] in 1973, a number of surgical techniques for expansive laminoplasty have been developed, including extensive simultaneous multisegment laminectomy described by Kirita [2] in 1976, expansive open-door laminoplasty reported by Hirabayashi [3] in 1978, and expansive laminoplasty by sagittal splitting of the spinous process described by Kurokawa [4] in 1982. The advantage of expansive laminoplasty has been sufficient decompression of the spinal cord while maintaining the physiological status of the cervical spine. However, problems associated with this surgery have been decreased in cervical motion due to interbody or interlaminal bony union, changes in the alignment of the cervical spine as seen with laminectomy, changes in spinal cord curvature, and development of pain surrounding the neck. Sufficient clinical results following expansive laminoplasty have been reported [5] [6] [7] [8] [9] [10] , but detailed comparison between the clinical outcomes and the morphological changes in the cervical spine has not yet been performed in a large number of patients after expansive laminoplasty. Therefore, we have performed longitudinal studies on the radiographic changes in the cervical spine after expansive laminoplasty. Operative method
MATERIALS AND METHODS

Patients
Expansive laminoplasty by sagittal splitting of the spinal process developed by Kurokawa et al. [4] was employed in all subjects. In 19 patients (OPLL: 12, CS: 7 patients, 12 men and 7 women) who received the operation early on the study period, interlaminal fusion at the enlargement was performed using an autologous iliac bone strut graft. In the surgical technique performed during this period, the bilateral posterior neck muscles were dissected from the laminae to enlarge the surgical field. In the 121 patients who received the operation after October 1988, we used a method for exposure that sought to preserve these muscles: after exposing the muscles on one side, the spinal process was separated, and the spinous process, ligaments, and posterior neck muscles were exposed en bloc. After that, the spinous process was shortly resected, and the removed spinous process was implanted between the expanded laminae [ 
Range of motion (ROM) in the cervical spine
The angle between the two lines extending from the posterior margins of the vertebral bodies of C2 and C7 was measured in maximum flexion and extension. The sum of these angles was defined as the ROM of the cervical spine (Fig. la) . The ROM of the intervertebral space was determined as the sum of the angles between the lines extending from the inferior margins of adjacent vertebral bodies in flexion and extension (Fig. lb) . 
A: Preoperative radiograph in the flexion position showed slippage of C4 (A-1). Extension position (A-2).
B: Radiograph of immediately after expansive laminoplasty of C3-6 with segmental bone graft.
C: At 6 months after surgery, anterior fusion of C4-6 was performed (C-2) because of a localized kyphotic deformity resulting from malunion following posterior fusion (C-1). At one year after surgery, the spinal alignment has changed, and pain in the neck and shoulder persisted (C-3). 
DISCUSSION
Changes in curvature after laminectomy have long been a problem in spinal surgery. In 1930, Eiselsberg [13] reported kyphotic deformity following surgery in the thoracolumbar segment. With regard to the cervical spine, the change in curvature after laminectomy has been reported to be from 43% to 95% [14] [15] [16] [17] . Expansive laminoplasty by sagittal splitting of the spinous process which was developed to avoid such problems was considered a more rational therapy for compression cervical myelopathy than simple laminectomy, but radiography revealed the induction of various morphological changes. In particular, changes in the cervical alignment, more or less similar to those observed after laminectomy, were observed [1 1]. Thus, various preventive methods to minimize changes in the cervical alignment have been devised. Matsuzaki et al. [18] considered that, in expansive laminoplasty by sagittal splitting of the spinous process, at the time of exposure of the facet joints, the dissection of muscles can injure the dorsal primary rami of spinal nerves, causing denervation and malfunction in the posterior neck muscles. To minimize invasion in the facet joint, they dissected muscles only to one third medially of the facet joint, and placed the gutter of the lamina medially in the facet joint; the incidence of kyphotic deformity was minimized thereafter. We agree with the consideration of muscle injury, but cannot agree with this placement of a gutter, because the medial placement of a gutter induces weakness in the expanded lamina and leads to insufficient spinal cord and nerve root decompression. Tsuzuki et al. [19] considered that the posterior supporting structures acted as lever arms in the traction of the cervical spine. They stated that the en bloc preservation, exposure and resuturing of the posterior structures, including the spinous process, supraspinous ligament, and posterior neck muscles of one side, enabled maintenance of the degrees of lordosis. In the present study, there was no significant difference noted between before and after the introduction of the surgical method in which the posterior neck muscles were preserved, with regard to the incidence of cervical alignment changes. However, this absence of difference could be due to differences in the duration of postoperative restriction in the cervical motion by wearing the collar or the time interval to the initiation of rehabilitation in the patients investigated. Hoshino et al. [7] reported that the incidence of increased kyphosis and decreased lordosis more than 10] was reduced by reconstruction by suturing and shortening of the rectos capitis posterior major, oblique capitis inferior, and semispinalis capitis muscles, which were attached to the C2 spinous process. Kunogi et al. [11] also pointed out that a tension band (attachments of the trapezius, splenius, and semispinalis muscles) formed by the spinous process, supraspinous ligament, and interspinous ligament in the lower cervical spine as well as the semispinalis muscle attached to the C2 spinous process were important in the extension mechanism of the cervical spine.
The present author has also employed a surgical method in which the deep nuchal and cervical muscles were restored and supraspinous and interspinous ligaments were preserved. The degree of lordosis decreased in 72% of the patients, while 44% of the patients with abnormal curvature before surgery showed an increase in the curvature. However, the degree of morphological changes in the cervical spine was mild in the majority of the patients. These results suggested that preservation of the posterior neck muscles was an important point for the success of this operative method. Posterior surgery causes damage to the posterior neck muscles to some degree. Minimization of this damage requires utmost attention to the methods of exposure, gentle manipulation of the muscles during surgery, and repair of muscles after the completion of surgery.
The relationship between the postoperative bony union of the laminae and vertebrae and the alignment of the cervical spine was investigated. Aita et al. [5] reported that the prevalence of bony union of the laminae and vertebral bodies was 97%, and C2/3 was involved in 79%. In the present study, interlaminal bony union was observed in 97 (80%) patients, and C2/3 was involved in 65 (67%), showing that union was common at higher levels, as reported by Aita et al. [5] . The high incidence of union at C2/3, which is slightly lordotic, is probably due to the shortened distance between their spinous processes due to postoperative collar wearing, and that the C2-3 inter
